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Fig: 10. Amplitude distribution of signals from
APDg and PMT XP2020Q, measured under
identical conditions of irradiation with: a —
yellow light, A =560 nm; b— green light,
A =520 nm; ¢ — blue light, A =470 nm. :
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Quantitative results on the measurements
of the APDg Q.E. are shown in Fig. 11. The es-
timations were based on a relation between the
numbers of photo-electrons:

N pro
215

QE. op, =QEpur ,
where Q.E.pmr is a well-known table value for
PMT XP2020Q. Note that in the ‘green’ region,
the Q.E. of APDg has been found to be as high as
35% or even more.
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Fig. 11. Quantum efficiencies of APDg at dif-
ferent light regions.

A. Polozov, et al., Nucl. Instrum, Methods A387

1. Introduction

An avalanche photo-diode (APD) seems to be a very promising device for various applica-
tions in the high energy physics. Despite high quantum efficiencies (Q.E.) for the visible light, cur-
rently known APDs (produced by HAMAMATSU) have rather low amplification coefficients.
This turns to be the main disadvantage preventing one from creating fast electronics for sensitive
light-detecting systems based on usual APDs.

A possible solution may be an APD operated in the Geiger mode (APDg). This device has
an amplification coefficient of up to 10° (see Section 2.1), which facilitates the electronics crea-
tion, and widens the realm of the device employment.

APDg’s have the Metal-Resistor-Semiconductor (MRS) intrinsic structure, and may be as-
sembled in a micro-cell construction, as described in [1]. As it is known, such construction repre-
sents a lower Q.E. for the visible light, and a large photo-ionization coefficient (stipulated by
cross-talks of ‘red’ photons between neighboring micro-cells), as explained in [2].

APDg’s, which are described in this article, were designed and manufactured at CPTA?,
They have satisfactory good Q.E. (20% in the green-yellow spectrum region) and comprise a spe-
cial -structure to suppress the photo-ionization.
Many possible applications of APDg are not men-
tioned in this article. The authors intend to use
these devices in large low-light self-triggering sys-
tems working on cosmic rays, based on a ‘tiles +
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Fig. 2. mmnm_o, electron spectrum from APDg
obtained with low light pulses.

Fig. 1. Scheme of the laboratory setup used to
test APDg.



yued morpak, ayy ut soy3y uoas pue ‘ped  ua013, oyl ur 1o8re[ Apueoyu

-Sis pawuny 3t opym ‘pred aniq, ay1 ur JAd JO 18y 0 [enbo Apajeunxordde sem @pm 3QdV 9YL
“PeISLIP SYIPIA TONNQLUSIP oY) ‘ensads JNd pue 3QdV ST JO sanjeA uedul 350[d S3dsa(]
‘suopisod UIBS Ul POAIISGO DI9M SIOIASP Y10q 23 JO s[eIsapad oy ‘sosed oy [[e U]

‘awes aq3 Aorewnrxoxdde sopmyrdure [N pue 3QdV 943 JO SanjeA uesul 9y3 YU 0] JUOP SBAM
SIGL 001 JO 10308] ® Jnoqe Aq rayrdum isey & AQ payiuSew o1om SQdV WOy S[eUsis oy} ‘Iares[d
uosrredwoo agy axew o, (001 S1y ‘worder ,on[q,) wu o F oLy Pue (q07 "Sid ‘worder usaid,)
wu 01 F 0Z§ ‘(801 ‘81 ‘worSer Mo[a4,) WU 01 F 09§ JO SPIUS[ABM YIM SCHT JUAIYJIP 29173
£q poonpoxd 143y o 03 asuodsar W DOTOZIX PUe SQJV Jo enoads o8reqo smoys ¢f Sig

*suon
-IPuod [EOUSP! JOPUN SCHT YHAM PAJRIPELI dJOM SIOTASP I0Oq 9T} JO SSOBJINS SARISUIS JO OIW |
‘51503 oy Suum( "peunojiad UsAq 9ARY SUONOI|R-0j0yd JO SUNOWE Y} JO SJUSWAMSEIW [BIO
-ods D0OTOTLX oNdunw-ojoyd mopurm-zirenb e jo yeq mmm 3qdy jo 'O sredwod of

"00207dX

‘sreq eonsoa e LA P uosueduro)

umoys are suonsod feisspad oy, suogipuod Wl SV JO Admagyy wnjuend)
swes sopun pamsesw (q) O0TOZIX LAd xipuaddy

ue (8) 3 o enoads opmyyydury 6 ‘3L

P (%) Badv J P [s] w paquosap se ‘wasks JOIL HOITV o3 103
q $10}09)0p DISEq ‘SIoqWBYD) JB[d SANSISOY den
SEouwRYd AV -BINJA JO S[SUTRYD (00 00T INOQE 150} 0} pause
008 00L 009 00S 00y 00€ 00z 001 o  Auoed 191 Aey omusod ([v] 998) JOL HOI
¢ T 0 -7y o jo wed [eyuosss ue se pasodord usaq sey
/ 0§ GomM ‘s 3qdV Om} PUE SIqY STM OMI [3im 31
\ 001 €W 0T X 0ST x 06T ® Jo udisop & oq [[im doys
\ 1xou oy ‘swajsAs SuuodSin-jos Ae1-ormusod ut
\ 05T 140 4q Sdv osn 01 sjqissod 31 soyew JudIOy

T1'1S BRI | 007 -J200 uoyezruol-0j0yd oy} JO 9N[eA MO[ Y
yElC UBIA | i 05T
T9ze  Iemsuoy,
L61/€69y Jpu/Xt

deszLs soujug |

-spryrdure reuSis oyl Sur
00€ -seazour mofe [[im wnnoads usais, orow € qim

05€ $199Y STTM 8A PUB LA JO 950 9y, 0fEl 3510U-0}

e -reusis oy Suizrurxew £q a8eioa syy Suisooyd
] saoe yowym ‘uasaxd st nese(d & ‘e3eyjoa ySiy

pandde ogy wo oouspuadsp “H'D oUl UY 'soABM

SleuuEye Odv 158u0] Jo uor3aI 3y} 0} payrys st pue ‘siardonw

o0 -ojoyd piepuels jo jeyy 03 o|qeredwod st
YOIgA ‘% 0p—0€ 03 sfenba ') 3QdV AL 100
ivoffieeold 0§ -1y3000 uonEZIUOL-0j0yd MO[ Aj3AlR[SI B pUR Uuoy
” -esyde oisuLnur Y3y e umoys oAy ‘y1dD e
- 001 pemyoeynuew pue paudisap ‘S, 3qdV MIN

008 00L 009 00S 00F 00E 00T OO1 O

uoIsnpPuUo)) ‘p

oSl

§ £V°09
St TR)SUO)) | 00T

-§ 0'TCT JURISUOD) anrea arqeqoid jsow 9

ST/ Tyl WU/ | ] wmwmﬁwhwﬁﬁﬁﬂﬁwvﬁm..mﬂ.mﬂwonnmﬁmac—b omw

" .mm:VVV sowmuy .. -3 08T .

e oM 1By 108 oY) O} anp SI YOIYM ‘sisay AT 99 JO

woyugISIp

L

>
SPumEY DAV
OL1 091 OST O¥1 OEL OT1 OTT 00T 06 08 ono
00¢
‘uoynqrnsip 1 oov
spaydure — 9 ‘wouNQINSIP owy — @ ‘uonnq 1
-HSIp [ [euoisusunp-z — 8 :sasnd ySi mof \._\
Qs paureIqo suaAd 3qdy Jo wmnsads ¢ Sy i 009
- 008
0001
q ®
sjauuRyd OL
009 00S 00y O00E 00T 001 0 ST OV
= T 0 OLL 091 051 01 O€1 0TI OL1 001 06 08 0L
143__ T T
00I
JJ \ 001
- 007
Vo o
00¢
\ 00¢
& 00%
00¥
i 00< g
a
e 009 o S « 00$ m
fLielor  sowug Lo g
e Q0L SR N N s OO H 009 *

— os[ou ‘su § — swy-f[e} ‘Su ¢ — owm-osu ‘Dd/A ¢'0 — uoneoyrdwe [SMOJ[0) SB 1AM SIO}
-surered royrjdure urew 9y, [¢] ur paquosap ‘regijdure ¢0A ® qim peddinbs xoq soddoo pousoros
& ojur Jnd sem J[9S) 10309UU00 Y ], “Jaqy o yum Surpdnos pood amsur 01 10309uwod jeondo DAJ
& opisut paoed sem SV PdISA V "822C DAL A01D & M pamsesw sem aul oY) ‘ojed su g
B QM 627 DQO 401D 97 iim pamsedw sem d8reqo o], “Iajowelp Ul Wi | ‘SI3qY §IM [1A
AVIVEN Aq pauroprad sem woIssfuIsuel} 3y3i[ o4, "auig-|[eJ SU §] © pue ‘OW-9SLI ST § € ‘opmn)
-rjdure A ¢ o1 dn ue ym adeys o[Suewn e pey yomm ‘osind pajesousd e Aq yrom our ind sem (i1
an[q oy, "1 S ur umoys Ajjeonewayos St ‘s BV Mau 159) 0} pesn ‘dnyas Arojeroqe] oy,

AT UM SIS/E T
"saoepms J8re] SULIDA0D PUB ‘OIMOMINDIe  SI9GY STIM

4



6
600 T [Buwies o788 }| S00f-
i x/ndf 186.7/34
P 501.6
500 P 4767 §| 400
P 1.686
- Py 287.2
400 Ps 6212 81 300 L
_ P 3.352 \ \
. iP, 193.5 , 25ns |,
300 =
! Ps 77.15 ! l
P, 4106 §| 200 _ \
200 4 ; | !
= 3 | | !
z =1 B 100 i T
& ! |
100 e ! \ |
4 HHas L o "
0 e R LT 00" ""200 400 600 800 1000 1200
0 100 120 140 TDC channels
ADC channels
a b
@ 1200 T T T
m [Entries 44433 }
5 1000 [
m 800 -
Fig. 8. Results of the beam test with tiles: a —
600 calibration spectrum for the low light, polyno-
mial fit results are shown; b — time distribu-
400 tion, the total width is. shown; ¢— 2-
e . dimensional T-4 distribution, the threshold po-
200 o T A 0 sition is shown.
0 A4
0 100 200 300 400 500 600 700 800

TDC channels
[

Fig. 9 compares amplitude spectra of APDg and PMT XP2020Q. N and N' were estimated
by a gaussian fit of the left side of the Landau distribution, the right border of the fitting region
being one sigma above the most probable value. Numbers of photo-electrons were determined as
follows:

2 13
N° = E N! M@M|.WHW.
o Q.

The measurements resulted in N° = 12.9 ph.e. and N' = 14.7 ph.e. for APD, N’ = 10.5 ph.e. for
XP2020Q. One can see that in this case the relation between N° and Nis slightly less than in case

2500 e plus 60 e for every Eno?%

[~ L
at the input. A % ! [ Gain 6.6.10°§ ——»
Fig. 2 shows a single electron B ¢ |.
spectrum from APDg, obtained with 2
low light pulses. Fig. 3 comprises 2 2- 2 sl
dimensional T-A distribution of the ¢
events measured with low light 5 .

pulses, as well as its projections on
the T- and A-axis. The amplitude
spectrum represented in Fig. 3b was 3r
measured under an additional timing
condition, insuring that the discrimi- 2+
nator had snapped into action (within _ ) _
a 30 ns time g%ﬂw Such m@@ﬂqﬁa 47 48 49 50 51 52 53

AU

-
AU

i
| Comcen =

gives a possibility to calibrate thresh- Uneog V
olds in terms of the number of photo-
electrons. . Fig. 4. APDg amplification as a function of the applied
2.1. Amplification voltage. The slope corresponds to elementary micro-cell
I capacity AQ/AU.

The APDg amplification de-
pends on the applied voltage in a way represented in Fig. 4. Apart from the breakdown point, the
curve looks linear with a 32% increase for cach volt. Such slope corresponds to elementary micro-
cell capacity AQ/AU. It may be seen that the am-
plification lies between 10° and 10°. Threshold, mV

2.2. Noise Spectrum, Three 35@ to 0 50 100 150 200 250 300

Calculate the Number of Photo-Electrons 2 107
m 106 |

The upper plot in Fig. 5 shows a typical O {5 )
noise spectrum at U =51.8V as a number of 4 1/./.
counts measured at different discriminating 10 It
thresholds. Shown below in the same figure, is a 10° ,.-J_/.
corresponding self-triggering amplitude spectrum, 102 ™
in which one can see regions of 1, 2, 3, etc. elec- 10 /.,
trons. With the lowest threshold, the count equaled 1
to 1.2 MHz. It may be seen that increasing the
threshold for a value corresponding to one electron v
leads to a fall of the count for approximately an 0*F
order of magnitude. 10

The photo-ionization coefficient a can be )
defined in a usual way as a probability to hit more 10
than one cell with a single initial electron-hole
pair:. 80 110 140

F., | ADC channels
-, W

Fig. 5. Noise spectrum of APDg (above),
where F, and F,.; stand for the counts in the mid-  and corresponding self-triggering amplitude
dles of the n-th and the (+1)-th peaks correspond- ~ spectrum (below).
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